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were applied to all four quadrants (medial tibial plateau, medial
femoral condyle, lateral tibial plateau, lateral femoral condyle) of
the right knee joints at all levels to obtain summed OA scores for
each quadrant.
Results: Histology conﬁrmed the previous published ﬁnding that
ADAMTS5-/- mice have signiﬁcantly less cartilage damage than
WT mice eight weeks after induction of OA. The ADAMTS5-/-
mice had a signiﬁcant thinner subchondral plate and less epiphy-
seal bone volume fraction compared to the WT mice (see ﬁg.1).
The subchondral bone plate became signiﬁcantly thicker at the
medial side of the tibial plateau in operated joints of both WT and
ADAMTS5-/- mice, but the percental increase was signiﬁcantly
smaller in ADAMTS5-/- mice (WT: 20.7±4.7% compared to the
contralateral control knee joint, ADAMTS5-/-: 8.3±1.2%). At the
lateral side no changes were observed, not in cartilage damage
score nor in subchondral plate thickness. Within each strain, the
epiphyseal trabecular bone structure was not different between
operated right and non-operated left knee joints.
Figure 1
Conclusions: In the subchondral bone structure of ADAMTS5-/-
mice minor changes were observed after induction of joint in-
stability by transection of the medial meniscotibial ligament, in
contrast to WT mice where substantial thickening of the sub-
chondral bone plate was found. Together with the ﬁnding that
ADAMTS5-/- mice are protected from cartilage damage this ﬁnd-
ing suggests links between the process of cartilage damage and
changes in subchondral bone.
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Purpose: ADAMTS5 (aggrecanase-2) is the major aggrecanase
in mouse cartilage, and ADAMTS5 knockout (KO) mice are
resistant to surgically induced osteoarthritis. In the interverte-
bral disc (IVD), aggrecanase cleavage products and ADAMTS4
(aggrecanase-1) have been identiﬁed in aged, degenerated or
pathological tissues. However the role of aggrecanases in regu-
lating IVD aging and degeneration is still unknown. The objective
of this study is to evaluate a role for ADAMTS5 in IVD degener-
ation by semi-quantitative histological grading of the IVD in mice
with deletion of the ADAMTS5 catalytic domain (agg-2 -/-).
Methods: Intact lumbar spines were harvested from agg-2 -/-
mice (11 mos, n=3) and age-matched wild-type (WT) controls
(11 mos, n=3). Spines were cleaned and prepared for histolog-
ical evaluation and semi-quantitative grading. Non-consecutive
sagittal sections were taken at a spacing of 140 µm (7 µm, 3
sections per spine) then stained with H&E and Safranin O/Fast
green. For each spine, the two caudal-most motion segments
were photographed for grading by two blinded graders, using a
modiﬁcation of the grading scheme outlined by Boos and co-
workers and used by our lab previously. Grading was performed
on a total of 18 sections taken from six motion segments for
each genotype. Sections were graded for characteristic degen-
erative IVD changes on a 0-22 total scale and for endplate (EP)
changes on a 0-18 scale that evaluates multiple “features”, e.g.
cell death, new bone formation and soft tissue ﬁssures. In both
scales, 0 corresponds to non-degenerate tissue. Grader evalua-
tions for each feature in a motion segment were averaged and
summed for features in the IVD and EP. Differences between WT
and agg-2 -/- motion segment grades were tested by repeated
measures ANOVA.
Results: Changes in the IVD. In all cases, WT mice demon-
strated evidence of a very mild IVD degeneration. While very
mild, feature changes included regions of cell proliferation, mu-
cous degeneration, and regions of cell death, all changes that
have been observed in mice with aging. Average histological IVD
grades were similar for the KO and WT control at 11 months
of age (Fig. 1), although there was some evidence of increased
Safranin O staining in IVDs of the KO mice (Fig. 2). Changes in
the EP. Average histological EP grades were lower (less degen-
erated) for the KO motion segments compared to the WT control
(Fig. 1, p<0.08, repeated measures ANOVA, Bonferroni post
hoc). In major feature differences, KO mice were found to have
less evidence of cartilage disorganization and new bone forma-
tion in the EPs (a type of degeneration-associated EP sclerosis)
compared to WT control mice (Fig. 2).
Figure 1. Histological grading scores of intervertebral disc (22 point scale) and
endplate (18 point scale) for wild-type (black bar) compared to agg-2 -/- (open
bar). *p<0.08 different from wild-type, ANOVA.
Figure 1. Photomicrographs of mouse motion segments (Safranin O/Fast Green
stain, 10x original magniﬁcation) for wild-type (right) and agg-2 -/- (left). Scale
bar = 0.5mm.
Conclusions: Deletion of the ADAMTS5 catalytic domain atten-
uated aging-associated endplate sclerosis and mineralization,
and associated chondrocyte disorganization in the cartilage end-
plate regions of the aging mouse. Endplate sclerosis is an ob-
served in human IVD degeneration and may contribute to poor
nutrition for IVD cells. Thus, it is noteworthy that inhibition of
ADAMTS5 diminishes this important feature of human pathology.
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Aggrecanase did not appear to play a major role in regulating
aging-related degeneration in the soft tissues of the IVD, possibly
the result of a slower remodeling or lower aggrecan content for
these regions. Future studies of older mouse spines would be
useful to determine if these changes progress or stabilize with
aging-related degeneration.
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Purpose: Hypertrophic differentiation of chondrocytes is essen-
tial not only for physiological skeletal development and growth,
but also for pathological disorders like osteoarthritis (OA). This
study investigated the molecular mechanism underlying tran-
scriptional regulation of type X collagen (COL10), the represen-
tative marker of hypertrophic differentiation, during OA progres-
sion.
Methods: We created an experimental mouse OA model by
producing instability in the knee joint through surgical resection
of the medial collateral ligament and meniscus. Expressions of
matrix proteins, proteinases, and transcription factors were then
examined by immunostainings and real-time RT-PCR in the me-
dial cartilage of knee joints during the progression of cartilage
degradation. To know the physiological role of a transcription
factor Runx2, we compared the OA progression in heterozygous
Runx2-deﬁcient mice and the wild-type littermates. We further
established stable lines of mouse chondrogenic ATDC5 cells
overexpressing Runx2 and dominant negative Runx2 through
retroviral transfection, and examined the differentiation by real-
time RT-PCR for COL10 mRNA level, and by Alizarin-red and
von Kossa stainings. Promoter activity of COL10 was deter-
mined by luciferase assays using HeLa cells transfected with
a luciferase-reporter gene construct containing a 4.5-kb frag-
ment of the human COL10 promoter. To conﬁrm the speciﬁc
binding of the identiﬁed core responsive region, we performed
electrophoretic mobility shift assay using nuclear extracts from
Runx2-overexpressed COS7 cells.
Results: Runx2 expression was induced in chondrocytes at the
superﬁcial and middle layers of joint cartilage as early as 2 weeks
after the knee joint instability, which was not observed in the
sham-operated joint. Most of the Runx2-positive chondrocytes
then expressed COL10 at 2-4 weeks, and thereafter produced
collagenases causing degradation of the cartilage matrix. In het-
erozygous Runx2-deﬁcient mice, however, COL10 expression,
as well as the subsequent collagenase expression and matrix
degradation, was suppressed under the OA induction, indicat-
ing that Runx2 contributes to the pathogenesis of OA through
chondrocyte hypertrophy. In the ATDC5 cell culture, COL10 ex-
pression, Alizarin-red and von Kossa stainings were markedly
increased by the Runx2 overexpression, whereas they were de-
creased by the dominant negative Runx2 overexpression. The
COL10 promoter activity was enhanced by Runx2 transfection,
and deletion analysis using a series of 5’-deletion constructs of
the promoter identiﬁed the core responsive element to Runx2
around the -80 bp region (HY-box). The transcriptional activity
of Runx2 was suppressed by a site-directed mutagenesis in
the HY-box. The tandem-repeat constructs responded to Runx2
depending on its repeat number. The wild-type HY-box oligonu-
cleotide probe, but not with the mutated probe, showed speciﬁc
binding with nuclear extracts from Runx2-overexpressed COS7
cells. Cold competition with an excess of unlabelled wild-type
probe, but not with the unlabelled mutated probe, suppressed
formation of the complex. In addition, the complex underwent
a supershift by the antibody to Runx2, conﬁrming the speciﬁc
binding of the HY-box and Runx2.
Conclusions: We demonstrated the contribution of Runx2 to
chondrocyte hypertrophy with COL10 induction during OA pro-
gression, and identiﬁed the core responsive region HY-box in
the human COL10 promoter. Studies on molecules related to
Runx2/HY-box will lead to elucidation of the molecular network
underlying chondrocyte hypertrophy and OA pathogenesis.
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Purpose: Osteoarthritis (OA) is strongly associated with obe-
sity. Both leptin deﬁcient (ob/ob) and leptin receptor deﬁcient
(db/db) mice develop morbid obesity, providing models in which
to explore the relationship between obesity and OA. However,
the pro-inﬂammatory effects of leptin and its association with OA
suggest that impairing leptin signaling may mitigate against joint
degeneration. We studied ob/ob, db/db, and wild-type (WT) mice
to determine whether leptin-impaired mice develop OA using
histological and microCT analysis. We also examined the effect
of leptin signaling on serum cytokine levels.
Methods: All analyses were performed on 44 wk-old female WT
(C57BL/6J; n=4), ob/ob (B6.V-Lepob/J; n=6), and db/db (B6.Cg-
m +/+ Leprdb/J; n=5) mice (Jackson Laboratories). Percent body
fat was determined by DEXA, and subchondral bone thickness,
and trabecular bone fraction and density of the tibial epiphysis
of the knees were determined by microCT. Sagittal histologi-
cal sections of knee joints were then scored using a modiﬁed
Mankin scoring system as follows: articular cartilage structure
(0-11), Safranin-O staining (0-8), tidemark duplication (0-3), ﬁ-
brocartilage (0-2), chondrocyte clones in uncalciﬁed cartilage
(0-2), hypertrophic chondrocytes (0-2), and relative subchondral
bone thickness (0-2) for a maximum score of 30 per location. 5
blinded graders scored sections separately for the medial and
lateral femoral condyles and tibial plateau. Levels of serum leptin
and hyaluronic acid (HA) were quantiﬁed by ELISA. The fol-
lowing serum cytokines and chemokines were measured using
a custom multiplex bead immunoassay (Biosource), speciﬁc to
mouse, with the Luminex 100 instrument: GM-CSF, IL-1α, IL-1β,
IL-6, IL-17, KC, RANTES, and TNF-α. A nested 2-level analysis
of variance (ANOVA) was used to determine statistical signiﬁ-
cance due to either impaired leptin signaling (pooled ob/ob and
db/db vs. WT) or strain (ob/ob vs. db/db).
Results: ob/ob and db/db mice had >3-fold increase in body
mass and >8-fold increase in body fat compared to WT mice
(p<0.01). Despite this extreme adiposity, mice with impaired
leptin signaling did not exhibit increased articular cartilage de-
generation. Mankin OA scores were not signiﬁcantly different for
the total joint (p=0.67) or for any of the joint locations (p>0.27).
ob/ob and db/db mice had signiﬁcantly reduced tibial (Fig. 1),
but not femoral (p=0.20), subchondral bone thickness. The re-
duced thickness was offset by an increased relative trabecular
bone fraction of the tibial epiphysis (Fig. 1), resulting in a similar
total epiphyseal bone volume (Fig. 1). Leptin levels were consis-
tent with expected phenotypes for the mice (Table 1). Cytokine,
chemokine, and HA levels were not signiﬁcantly affected by im-
paired leptin signaling, except for KC (analog to IL-8 in humans),
which was elevated in ob/ob and db/db mice (Table 1).
Conclusions: Despite becoming extremely obese with slightly
